Hydrophobic task specific ionic liquid (TSIL) functionalized 2-mercaptobenzothiazole (MBT) was synthesized and characterized by NMR and HRMS. The capability of TSIL-MBT for the selective separation and preconcentration of Cd 2+ , which was determined by flame atomic absorption spectrometry (FAAS) from water and food samples, was investigated. The TSIL-MBT with high selectivity for the extraction of Cd 2+ was discussed by comparing with a traditional extractant, such as ammonium pyrrolidine dithiocarbamate (APDC) and diethydithiocarbamate (DDTC), and the recoveries of the extraction Cd 2+ by TSIL-MBT were much better than APDC and DDTC. The proposed method was evaluated by analyzing two certified reference materials. The Cd 2+ concentration, determined by the developed methodology, was in good agreement with certified values.
Introduction
Cadmium is well recognized as a highly toxic element to human beings. Cd 2+ is listed as the sixth-most poisonous substance jeopardizing the health of humans. 1 In mammals, Cd 2+ is known to accumulate preferentially in the kidneys, 2 and the effect of its acute poisoning is manifested in a variety of symptoms, including high blood pressure, kidney damage, anemia, hypertension, bone marrow disordeds and cancer. 3 There are several techniques employed for the determination of cadmium, such as flame atomic absorption spectrometry (FAAS), graphite furnace atomic absorption spectrometry (GFAAS), inductively coupled plasma atomic emission spectrometry (ICP-AES), and inductively coupled plasma mass spectrometry (ICP-MS). [4] [5] [6] [7] GFAAS and ICP-MS were the most suitable techniques for the determination of trace cadmium due to their high sensitivity. Compared with GFAAS and ICP-MS, the advantage of FAAS is low operational and instrumental costs, easy operation and high sample throughput. 8 Because of the low levels of Cd 2+ in the matrixes, preconcentration and separation procedures were often used before FAAS detection.
Ionic liquids have been deemed as alternatives to conventional toxic and volatile organic solvents owing to their unique properties, such as negligible vapor pressure under ambient pressures, thermal stability, high ionic conductivity and a large electrochemical window. 9, 10 Earle et al. demonstrated that many ionic liquids could be distilled at low pressure without decomposition. 11 Recent interest exist as surrounding RTIL with regards to green chemistry, and the associated development of new solvents and alternative technologies has largely been investigated. 12 Furthermore, ionic liquids have fascinated chemists mainly because of the function and properties of ionic liquids. It can be offered to synthesize a suitable ionic liquid that would appropriately suit the process of interest. Through the incorporation of functional groups, task-specific ionic liquids (TSILs) have been designed, synthesized and utilized in specialized applications, such as catalysis, electrochemistry, catalyst anchoring, reagents, supported phase, metal-ion separation, synthesis of nanomaterials and ion conducting materials. 13 The TSIL approach (either as bulk IL, or as the active component in a composite solvent) can be used to develop new ILs containing functionalized extractants by the alkylation of an imidazole with agents bearing complexants in which the IL, or IL-like groups, increase the affinity of active species for the IL over a second phase (either aqueous or organic). 14 In the last few years, the extraction of metal ions by RTILs containing complexing agents, such as crown ethers, 15, 16 calix arenes 17 and various organic ligands, [18] [19] [20] has been reported. It has already been shown that TSILs incorporating thiourea, thioether and urea allow for the partitioning of Hg 2+ and Cd 2+ from water. 21 
Experimental

Reagents and chemicals
All of the reagents employed were at least of analytical reagent grade. Cd 2+ stock solutions of 1000 mg L -1 were bought from National Research Center of Standard Materials (NRCSM, Beijing, China). Working solutions were prepared by several concentrations of the stock solutions immediately prior to their use. 1-Butyl-3-methylimidazolium hexafluorophosphate [C4mim][PF6] was bought from Henan Lihua Pharmaceutical Co., Ltd.
N-Methylimidazole (Beijing Sansheng Tengda Technology Co., Ltd.), 1,2-dibromoethane (Sinopharm Chemical Reagent Co., Ltd.) and KPF6 (Beijing Sansheng Tengda Technology Co., Ltd.) were used to synthesize the TSIL. 2-Mercaptobenzothiazole (MBT, Alfa Aesar) was used in this study.
Apparatus
All measurements were carried out on a Shimadzu AA-6800 flame atomic absorption spectrometer (Shimadzu, Tokyo, Japan). Hollow-cathode lamps were used as the radiation source, and the recommended instrumental conditions by the manufacturer (wavelength 228.8 nm, spectral band width 1.0 nm, lamp current 8 mA) were used. A Centrifuge 5804R centrifuge from Eppendorf AG (Germany) was used for phase separation. The 1 H NMR spectra was recorded on a Bruker AC-300 instrument in a CD3CN solution. High-resolution mass spectra (HRMS) were measured on an Agilent 6220 Accurate-Mass TOF LC/MS. Figure 1 illustrates the synthesis of TSIL-MBT. A 2-mercaptobenzothiazole group was grafted onto imidazolium substructures by a three-step synthesis, staring from 1,2-dibromoethane and N-methylimidazole.
Synthesis of TSIL-MBT
A solution of N-methylimidazole (16.3 mmol, 1.34 g) and 1,2-dibromoethane (17.9 mmol, 3.37 g) was mixed at 45 C for 5 h to obtain a white solid (1) . To an anhydrous ethanol (100 mL) solution of (1) was added MBT (10 mmol, 1.87 g) and KOH (10 mmol, 0.56 g), after which it was refluxed for 6 h. The mixture was evaporated under reduced pressure to yield a yellow solid, subsequently recrystallizing with anhydrous ethanol (10 mL) overnight. The liquid obtained by removing any impurity was concentrated under reduced pressure to give bromide salt (2) . A mixture of a water (100 mL) solution of the bromide salt (2) (8 mmol, 2.78 g) and KPF6 (8.8 mmol, 1.62 g) was mixed overnight to obtain the resulting product (3), which was collected by filteration, washed with DDW, and dried under a vacuum to give a white solid. δH (300 MHz, CD3CN), 8 
Samples preparation of Cd
2+
Two certified reference materials, GBW (E) 080402 (simulated natural water, National Center for Standard Materials, Beijing) and GBW 10016 (tea, National Center for Standard Materials, Beijing) were analyzed to demonstrate the accuracy of the present method. A sample of tap water was collected locally. Food samples, such as liver and kidney from pig and tea, were collected from local markets.
For fresh liver and kidney, a certain amount (3.0000 g) of the samples mixed with 20 mL concentrated HNO3 and 10 mL concerntrated HClO4 were digested on a hot plate until white fumes appeared. Because HClO4 could explode when the samples contained organic material, HNO3 was used to digest the organic component before HClO4 was added (some precautions must be taken when digesting the sample); 3.0000 g of tea and GBW 10016 were ashed in a muffle furnace at 500 C (the temperature of ashing was according to "the method for determination of cadmium in foods", which is the People's Republic of China National Standard GB/T 5009. , and the ash was dissolved with dilute HCl. All of the solution was adjusted to neutral with an ammonium hydroxide solution, transferred into a 50-mL calibrated flask and diluted to volume with an ammonia/ammonium chloride buffer solution (pH 8.4). The water samples and the certified reference material of water were adjusted to pH 8.4 with an ammonia/ammonium chloride buffer solution. For analysis, three samples and blanks were prepared in parallel.
Trace Cd 2+ in the samples was preconcentrated as the procedure described in the next section. Finally, the upper aqueous solution was determined by FAAS.
Procedure for preconcentration of Cd
2+
First, 50 mL of the sample was transferred to a 100-mL centrifuge tube, and 3.0 mL [C4mim][PF6] that contained an amount of TSIL-MBT was added. Shaking for 1 min, the solution was centrifuged at 3800 rpm for 4 min to separate the two phases completely. After removing the aqueous phase, 2 mL of HCl was added to the ionic liquid phase. The mixture was shaked for 1 min, and then centrifuged at 3800 rpm for 4 min. Cd 2+ in the upper aqueous phase was determined by FAAS. Fig. 1 The synthesis of TSIL-MBT.
Results and Discussion
Effect of the pH of the sample solution
The pH of the sample plays a significant role in the overall performance of the extraction system, affecting the complex formation and the extraction efficiency. To obtain the optimum conditions, the extraction of 10 μg/L Cd 2+ was performed at various pH values. The pH of the sample was adjusted by using an acetic acid/acetate (pH 6.0 -8.0) buffer and an ammonia/ammonium chloride (pH 8.0 -10.0) buffer. The procedure for the preconcentration of Cd 2+ is described in the previous section. As shown in Fig. 2 , the extraction recoveries increased with increasing pH. This reveals that the extraction of Cd 2+ is pH dependent, and the pH could affect the stability of the complex. In the TSIL-MBT, S and N as donor atoms in the MBT ligand could form a stronger bond between Cd 2+ and donor atoms. When below pH 7.0, the donor atoms were protonated, so the complex of TSIL-MBT and Cd 2+ could not form. Above pH 9.0, the percent recovery value of Cd 2+ decreased, probably due to the formation of Cd 2+ hydroxides. Therefore, the working pH was chosen to be 8.4 for the following experiments.
Effect of the concentration of TSIL-MBT in [C4mim][PF6]
For liquid/liquid extraction, the solid TSIL-MBT was used as an extractant dissolved into inexpensive ILs 
Selection of the back-extraction solutions
To study Cd 2+ back-extracted from an ionic liquid, a series of back-extraction solutions, such as L-cysteine, hydrochloric acid and nitric acid, were tested.
The procedure for the preconcentration of 10 μg/L Cd 2+ is described in the section above; Cd 2+ was back-extracted by a series of back-extraction solutions. The amount of Cd 2+ back-extracted into the aqueous phase was measured by FAAS. The result showed that the recovery of Cd 2+ using hydrochloric acid as back-extraction solution was much better than nitric acid at the same concentration of acid. Cl -could complex with some metal ions to form coordination compounds. Maybe a coordination compound of Cd 2+ and Cl -was formed when hydrochloric acid was used as back-extraction solution, so the effect which used hydrochloric acid as a back-extraction solution was better than that of nitric acid. Therefore, hydrochloric acid was chosen as the back-extraction solution. As shown in Fig. 3 , when the concentration of HCl was more than 0.20 mol L -1 , Cd 2+ could be back-extracted completely. Thus, 2 mL of 0.24 mol L -1 HCl was selected.
The effect of the back-extraction time was investigated from 1 to 5 min. It was found that the extraction recovery of the analyte did not increase from 1 to 5 min. Thus, 1 min was used for further work.
Recycling of TSIL-MBT
The feasibility of recycling TSIL-MBT was investigated. After the first extraction, the extraction process of 10 μg/L Cd 2+ with TSIL-MBT was repeated for five cycles, and the average recovery was 92.7 ± 4.0%. The results indicate that TSIL-MBT can be reused in the extraction of Cd 2+ as an economical solvent. , NO3 -and PO4 3-were investigated. The tolerable limit was taken as a relative error of ≤ ±5%. The tolerable concentration ratio of coexisting ions to 10 μg/L Cd 2+ was found to be 80 for Cu 2+ and Pb 2+ , 100 for Hg 2+ . The TSIL-MBT is also compared with ammonium pyrrolidine dithiocarbamate (APDC) and diethyldithiocarbamate (DDTC) for the extraction of Cd 2+ with respect of to the interferences of coexisting cations. As can be seen from 
Evaluation of interferences
Analytical characteristics and applications
The calibration curve of this method by the liquid/liquid system for the determination of Cd 2+ was linear with a correlation coefficient of 0.9992. With the working solution having a Cd 2+ range from 1 -50 μg/L, the regression equation was A = 0.00397C + 0.00177, where A is the absorbance, and C is the concentration of Cd 2+ in solution. The standard error of the coefficient was 0.0019 (n = 3) and the RSD (n = 3) of the slope and intercept of the regression equation were 4.3 and 4.5%. The detection limit evaluated by three-times the standard deviation (n = 9) of a blank solution was 0.19 μg/L, and the relative standard deviation for 9 replicate extractions of 10 μg/L Cd 2+ were found to be 1.96%.
To evaluate the accuracy of the developed method, two certified reference materials of simulated natural water (GBW (E) 080402) and tea (GBW 10016) were analyzed. The results are given in Table 2 . The Cd 2+ concentration determined by the present method was in good agreement with the certified values.
The developed methodology was also applied to the analysis of four samples. The analytical results are also given in Table 2 . As can be seen, kidney had the highest concentration of Cd 2+ , a content of 80.6 ng g -1 . Liver and tea were shown to accumulate lower amounts of Cd 2+ than kidney, a content of 54.1 and 31.5 ng g -1 , respectively. The recoveries obtained from all of the samples ranged from 97 to 101% with RSD <4%.
Conclusions
In this work, a novel, alternative and high selectivity TSIL-MBT was successfully synthesized for the preconcentration and separation of Cd 2+ . FAAS as a simple, cost-effective and sensitive method comparing with GFAAS and ICP-MS was chosen as a detection method. The TSIL-MBT used to extract Cd 2+ exhibits ideal extraction recovery compared with the traditional extractant. The extraction system has been employed for the determination of Cd 2+ in two certified reference materials and four samples. 
